This report summarizes FY90 NAVSWC participation in these programs.
DOMESTIC TECHNOLOGY TRANSFER

BACKGROUND
For many years, the U.S. civilian sector has derived significant spinoff benefits from the Navy's efforts in the development and application of technology. In most cases, these transfer actions occurred on an ad hoc basis. Recognizing that the Nation would derive considerably greater benefits if DIT activity were encouraged and systematically pursued as a matter of policy, Congress passed legislation I to stimulate improved use of federally funded technology developments, including authority for federal laboratories to participate in cooperative research and development agreements (CRDAs) with U.S. industry and academia. To underscore this legislative interest, the President issued an Executive Order 2 calling for prompt action in implementing these initiatives for facilitating U.S. private sector access to federal science and technology. The DOD DTT Program was authorized 3 in response to the requirements of References 1 and 2.
NAVY DfT'
The Navy policy of actively promoting military-civilian DTT and associated CRDAs is promulgated by a directive from the Secretary of the Navy. 4 In this context, DTT involves the transfer of technology developed by the Navy, including inventions, software, and training technology, to the U.S. civilian sector for use in nonmilitary applications. Of course, in carrying out this policy, due care must be taken to avoid actions that might create the appearance of undue influence over, or competition with, private enterprise and the free operation of the economy. In I NAVSWC MP 91-142 addition, the policy must be carried out within the constraints of proper control of classified information, military sensitive unclassified information, and militarily critical technologies.
NAVSWC PARTICIPATION
NAVSWC was participating in technology transfer activities prior to the federally enacted legislation' and was a charter member of the DOD Technology Transfer Consortium in 1971. This organization has subsequently evolved into the Federal Laboratory Consortium, of which NAVSWC continues to be a contributing member.
Although NAVSWC endorses and actively pursues technology transfer activities involving Center R&D efforts, significant and necessary limitations exist on the amount of NAVSWC-developed technology appropriate for transfer. With the work heavily oriented toward naval warfare applications, frequently no civilian application is apparent without extensive adaptive engineering effort. Security classification and export control of critical technologies are also significant constraints.
Public Law 99-5021 requires that each federal laboratory either establish an Office of Research and Technology Applications (ORTA) to manage DTT activities or perform the ORTA functions within an existing organizational structure. Since NAVSWC has long maintained a DTT office, this organizational structure was unchanged following passage and implementation of Public Law 99-502. The principal elements of NAVSWC participation in DTT are described below.
PROGRAM IMPLEMENTATION
Management
The Center's domestic technology transfer policy is administered by the Technology Base Program Office (Code D4). This office provides policy planning and guidance on technology matters impacting the role, mission, and long-term commitments of the Center. Policy implementation vehicles for technology transfer include the Center's ORTA, the Navy Potential Contractor Program, and the Federal Laboratory Consortium for Technology Transfer. The IR&D Program is also a contributor to technology transfer activities since the transfer process can involve a two-way exchange between government and non-government organizations. The IR&D Program serves to inform government technologists about industry-initiated research and it also serves as a mechanism for government researchers to appraise the progress and relevance of industry-initiated efforts. Guidance regarding technology transfer constraints is provided by the Militarily Critical Technologies List (MCTL), and the Center contributes to the technical review of export license applications received by the Navy International Programs Office. Technology transfer management functions include: 0 managing the program within the Center; Technical Effort Proiect Work. Directly attributable and quantifiable technology transfer work performed by Center technical departments is generally represented by those projects funded by other government (non-DOD) sponsors and private parties (excluding that effort funded under DOD contracts). This type of effort, identified as project work, has manpower and funding allocations that are directed towards a specific objective or requirement per sponsor request.
Technological Disclosures. In its role as a major government R&D center, NAVSWC also serves as a significant contributor to federal technology transfer in a more generic nature via technological disclosures in the open literature such as patents, reports, journals, and participation in symposia. The benefits from this type of activity accrete as spin-offs from DOD mission-related projects that are supported by federal R&D appropriations. Although it is less tangibly measurable than technology transfer contributions of direct project work involving end-products, the long-term benefits are more highly promising since they provide the innovative community with a broad spectrum of new stimuli to promote economic, technical, and quality-of-life growth in the private and public sectors.
Navy-wide Services
The Center manages, edits, and publishes the "Navy Domestic Technology Transfer Fact Sheet." This monthly publication highlights Navy-wide technology and developments that have the appropriate approval for public release and are of potential benefit to public and private organizations, individuals, and other federal laboratories. The program is sponsored by the Office of Naval Technology (ONT-26) to provide a highly visible source and focus for the dissemination of domestic technology transfer contributions from the Navy laboratory community. 
Government-Industry Conferences
These conferences provide a forum for government laboratories to inform industry participants about significant materials, processes, innovations, or developments that have promising potential for commercial application. The general format includes technical presentation sessions after which government presenters are available for individual follow-up discussions with interested industrial representatives.
Patents
As an incentive to stimulate DTT, Public Law 99-502 permits government inventors to share royalties or other income resulting from the licensing of Navy inventions. In FY90, there were 71 inventions and patent disclosures by NAVSWC with potential technology transfer applications. These are listed in Appendix B. Figure 1 shows the number of NAVSWC patents and inventions during FY86-90 that have commercial potential. Three patents have been licensed, and the NAVSWC inventors are receiving a share of the royalty income.
Navy DTT Fact Sheet NAVSWC manages, edits, and publishes the Navy Domestic Technology Transfer Fact Sheet. This monthly publication highlights Navy-wide technology developments (that have been approved for public release) that are ,-f potential benefit to public and private organizations, individuals, and other federal laboratories. The program, sponsored by the Office of Naval Technology (Code ONT-26), provides a focus and a highly visible source of information for the dissemination of DTT contributions from the Navy laboratory community. All Navy laboratories are invited to contribute articles for publication in the Fact Sheet, which A technology application assessment (TAA) is a description of a government laboratory R&D project, process, or innovative development that is cleared for public release and has potential for alternative use in the private sector. This technical disclosure is provided to the National Technical Information Service (NTIS) and other appropriate release sources for broad dissemination in the public and private sectors. Preparation of TAAs by laboratory ORTAs is also directed by DOD 3200.12-R-4. Other DT' " Disclosures/Releases Figure 3 shows, for FY85-90, the number of NAVSWC technical publications entered in the National Technical Information Service; the number of unrestricted (public release) technical information disclosures to symposia, workshops, journals, and other publications; and the categories of responses to information requests from individuals and private industry. In FY90 the categories of responses were in the following 12 technology areas:
" Eddy current nondestructive inspection * Batteries (lithium and alkaline) " Composite materials-manufacturing technology * Software reliability analysis * Computer memory " Radiography * Data acquisition and processing " Acoustic testing * Global positioning system * Shape-memory alloys (alarm, connector, security device) * Explosive applications " Nuclear hardening protection Numerous inquiries are also made directly to NAVSWC engineers and scientists in private communications; no formal records are kept of these.
NAVY POTENTIAL CONTRACTOR PROGRAM
If technological developments are to be applied promptly to meeting Navy requirements, it is essential that the scientific and technical community have appropriate access to technical information about those requirements.
Some requirement information is conveyed to scientists and engineers by briefings, symposia, and site visits. However, there are problems inherent to the process that may preclude information from reaching those who may be able to solve Navy technical problems. They include:
" Lack of access to information required to prepare timely and technically relevant contract proposals by qualified civilian groups that do not hold a contract.
" Lack of access by holders of current contracts to classified or military critical unclassified information in areas not concerning their contracts. Those data could assist them in developing alternate solutions and in planning and executing their IR&D programs.
* Lack of orienLation concerning the operational environment and probable conditions in which Navy equipment must function. The Navy recognizes the need to facilitate the increased use of civilian sector technological investments in meeting military requirements. That will best be accomplished by providing civilian scientists with increased, appropriate access to defense technological data. Accordingly, the NPCP is being established to provide controlled access to relevant military data by the civilian scientific and technical sector. The NPCP will also allow use of civilian discretionary funds to address Navy needs. Navy activities are to encourage U.S. qualified firms, academia, other organizations, and individuals to participate in the NPCP. That includes U.S. firms under foreign ownership, control, or influence if the foreign interest risk is managed in accordance with the Industrial Security Regulation. 5 The NPCP will permit no-cost negotiated agreements that authorize access to information for specified purposes. Such agreements are not government procurement contracts, grant agreements, or cooperative agreements as defined in sections 6303, 630, and 6305 of U.S.C., Title 31. 6 Agreements allow access to information only, and neither party is permitted to require delivery of technical goods or services as condition for NPCP participation. Figure 4 shows the number of NPCP agreements that NAVSWC has entered into during the FY86-90 period. The agreement titles and names of the nongovernment participants for FY90 are listed below: 
NAVSWC PARTICIPATION
INI)USTRY INDEPENI)ENT RESEARCH AND DEVELOPMENT
LR&D is the technical effort conducted by private companies for their own business purposes; it is not sponsored by, or required in performance of, a contract or grant. IR&D represents a significant portion (about $5B annually) of the Nation's technology base; thus, the government has an interest in encouraging its coordination with other technology efforts. To encourage industry to maintain a strong IR&D effort, the government allows an average of 40 percent of the cost to be appliedto overhead rates.
NAVSWC MP91-142
The potential benefits to the Navy and Marine Corps from close coordination ! indu~stry IR&D efforts with Navy research, development, test, and evaluation (RDT&E) programs are significant and range from exchanges of technology to development of cooperative R&D efforts with industry. To ensure that these benefits are fully realized, Navy and Marine Corps managers must be cognizant of relevant 1R&D projects to exploit the associated results. Accordingly, the Navy has established a program to ensure the timely acquisition, dissemination, and application of IR&D information and to provide information to industry on Navy, Marine Corps, and )OD technology requirements and programs. Figure 5 summarizes NAVSWC support of industry IR&I) for FY86-90.
To maintain its technological advantage and to ensure effective future defense capabilities, the 1)O1) must aggressively employ all resources, including the IR&l) programs of American industry, that can contribute to the development of future weapons systems. Specifically, the IR&D programs of DOD contractors will be thoroughly reviewed and evaluated for applicability to current and future Navy and Marine Corps needs as well as for technical quality. Because of the importance of IR&D to the Navy, the Navy will:
* Make maximum use of industry programs by integrating them with Navy program plans.
• Make industry aware of the military threat, requirements, and problems facing the Navy and Marine Corps so that industry can plan and carry out IR&D that fills Navy and Marine Corps needs.
* Encourage basic research and innovative work in the programs of DOD contractors. This includes encouragement of industry contracts to academic institutions for basic research that supports the contractor's IR&D program.
* Recognize that the review and evaluation of DOD contractor IR&D programs is a valuable part of Navy RD'r&E. The review process keeps the Navy abreast of technological advances, and the resulting feedback to the contractors ensures that the IR&D program is kept aligned with significant military needs.
* Give management attention and support to the IR&D review and evaluation process by providing qualified, credible, high-level evaluators; ensure that evaluations are timely and thorough; and give official recognition and credit to the evaluators.
SMALL BUSINESS INNOVATION RESEARCHI
BACKGROUND
The SBIR program is mandated by Public Law.' , ' The basic design of the 1I)0) SBI program is in accordance with the Small Business Administration (SBA) S111 Policy Directive ofJune 1988. DOI) components invite small business firms to submit proposals under an annual solicitation entitled SBIR. Firms with strong R&[) capabilities in science or engineering in any of the topic areas presented are encouraged to participate. Subject to availability of funds, )OD components will 
support high-quality research or R&D proposals of innovative concepts to solve the listed defense-related scientific or engineering problems.
Objectives of the DOD SBIR program include stimulating technological innovation in the private sector, strengthening the role of small business in meeting DOD R&D needs, fostering and encouraging participation by minority and disadvantaged persons in technological innovation, and increasing the commercial application of DOD-supported research or R&D results. Recent NAVSWC SBIR participation is summarized in Figure 6 .
The annual 1)OD program solicitation strives to encourage scientific and technical innovation in areas specifically identified by DOD components. Guidance incorporates and exploits the flexibility of the SBA Policy Directive to encourage proposals based on scientific and technical approaches most likely to yield results important to I)OD.
TIIREE-PHASE PROGRAM
Phase I is to determine, insofar as possible, the scientific or technical merit and feasibility of ideas submitted under the SBIR program. Typically, it involves about half a man-year of effort over a period of 6 months or less. Proposals should concentrate on efforts that will significantly contribute to establishing the feasibility of the proposed effort. Successful completion of those efforts is a prerequisite for further DOI) support in Phase II.
Phase 11 awards will be made to firms only on the basis of results from the Phase I effort and the scientific and technical merit of the Phase II proposal. Phase 11 awards will typically cover 2 to 5 man-years of effort over a period generally not to exceed 24 months, subject to negotiation. Phase II is the principal research or R&D effort and is expected to produce a well-defined deliverable product or process. A more comprehensive proposal is required for Phase II.
Under Phase III, nonfederal capital is expected to be used by the small business to pursue commercial applications of the research or development. Under Phase Ill, federal agencies may also award non-SBIR-funded follow-on contracts for products or processes that meet the mission needs of those agencies. The solicitation is designed in part to provide incentives for the conversion of federally-sponsored R&D innovation in the private sector. The federal R&D can serve as both a technical and preventure capital base for ideas that may have commercial potential.
TECII BASE CONTRACTING
In addition to the cooperative efforts with industry described above, NAVSWC participates even more directly, in a major way, with industry by contracting out roughly half of its total Technology Base funding. Through these mutually beneficial contracts, the Navy is able to apply the talents and facilities of industry to the achievement of its technology objectives. In FY89, NAVSWC completed a study for NASA (Marshall Space Flight Center) to determine the complete break-up process of the Space Shuttle's solid rocket boosters (SRBs) in a "command destruct," and further, to determine whether the process would also destroy the external tank (ET). This information was necessary to support a decision regarding the necessity of retaining the ET Range Safety System (RSS).
PHASE I FUNDING BY SPONSOR
As an outgrowth of this research, NAVSWC proposed a modification to the current design of an axially running linear shaped charge. The potential advantages of the proposed redesign include dramatic decrease in SRB fragmentation, decreased risk of breaching the containment vessel for nuclear powered payloads, and the capability to destroy the liquid oxygen (LOX) and liquid hydrogen (LI1 2 ) tanks from the destruct of one SRB with the E' RSS inactive. The redesign effort was funded beginning in FY89 and was completed in FY90. However, the costs associated with a Also develop the inspection protocol for the specific hardware.
* On SRMs to which the TDS reflection mode is not directly applicable, evaluate alternative ultrasonic inspection techniques.
2. Carbon-carbon process investigation for the applicability of eddy current tet:ti ng towards assuring proper manufacturing processes for carbon-carbon composite materials. The objective is to specify instrumentation and procedures providing:
*
Bulk conductivity measurements to assure proper manufacturing processes, including the isolation of matrix and fiber contributions to the conductivity.
"
Detection and measurement of localized anomalies.
3. Solid Propellant Initiative Program (SPIP) support. Conduct an Advanced Nozzle Cements and Adhesives study to assist NASA in determining those commercially available rocket nozzle cements and adhesives best suited for bonding various parts of rocket nozzles such that they will survive the intended mission. Major tasks of the study are to determine the bond strength and characteristic yield of the cement after its major decomposition together with its gas evolution. 
NASA, GU)DI)ARD SPAACI:E FIIGI IT CENTER SUPPORT
I.
Stepping mnitors that are small, have a high energy density, can microstep, and are self-loking upon removal of power are desirable for a wide variety of NASA's space hsed applications. Stepping motors with these characteristics can be designed
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NAVSWC MP 91-142 around the magnetustrictive material ."'erfenol" (invented at NAVSWC). The Goddard Space Flight Center (GSFC) requested NAVSWC technical assistance for design support and magnetic circuit analyses during the preliminary design phase of a stepping motor project.
2. NAVSWC inspected and prformed nondestructive evaluation on specified spacecraft structural parts.
DRAG REDUCTION INVESTIGATION
Interest in controlling the onset of the laminar/turbulent transition using compliant materials is supported by observations of anomalously high swimming speeds attained by dolphins. To complement the theoretical work on this phenomenon, NAVSWC provided materials support (characterization and coating) and water tunnel assistance to the National Institute of Standards and Technology for obtaining experimental data on the transition delays associated with compliant materials.
NIGHT VISION EQUIPMENT
In support of the U.S. Border Patrol (USBP) of the Immigration and Naturalization Service, NAVSWC provided technical assistance and expertise for the repair and upgrade of night vision equipment owned by the USBP. This equipment is used by the USBP in the protection of U.S. land and water boundaries against illegal entry of aliens, drugs, and other contraband.
SHOCK AND VIBRATION INFORMATION ANALYSIS CENTER
The Shock and Vibration Information Analysis Center (SAVIAC) is an interagency effort chartered to provide a clearinghouse to analyze and exchange technical information in the technical specialty area of shock and vibration. Oversight of SAVIAC is provided by an interagency Technical Advisory Group (TAG) chaired by NAVSWC. Members from the Army, the Air Force, the Navy, the Defense Nuclear Agency, the Department of Energy, and NASA comprise the TAG. This cooperative effort at information collection, distribution, analysis, and exchange is an important tool in addressing survivability and protection issues and problems encountered in operational environments. SAVIAC can be used by any of the sponsoring agencies and their contractors. It is on-line to provide special analysis and technical evaluation studies for specific problems raised in R&D programs and other efforts.
DEPARTMENT OF TRANSPORTATION (COAST GUARD) SUPPORT
1. The following weapons system safety support was provided for the Hamilton class and Bear class Coast Guard cutters:
"
design of firing cut-out cams for the MK 75 and CIWS weapons; " fabrication of cut-out cams; " training of Coast Guard personnel to install cams; and * verification and certification of safety zones.
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NAVSWC MP 91-142 2. In collaboration with the Coast Guard, NAVSWC provided power cables to Reach Lights in the entrance channel to Norfolk, Virginia, and the shipping channel in the Baltimore, Maryland, harbor. These lights provide navigational assistance to shipping traffic. Ten thousand feet of cable were installed in the Baltimore harbor area.
DEPARTMENT OF TRANSPORTATION/FIWA 1. Under previous Federal Highway Administration (FHWA) sponsorship, NAVSWC has developed a prototype battery-operated motor vehicle detection system. This Self-Powered Vehicle Detector (SPVD) may be buried in any type of road surface and uses radio frequency (RF) transmission rather than hardwiring for communication with its control unit. The detector reads a vehicle's magnetic signature, processes it, and transmits the vehicle's presence to the remotely located control unit. Details of this device are provided in NAVSWC Technology Application Assessment NSWC-TAA-85-002.
2. In FY90, NAVSWC provided design consultation for pre-production SPVD units being manufactured by private industry under FHWA contract.
TEST INSTRUMENTATION
NAVSWC has developed unique capabilities and facilities for producing electromagnetic vulnerability test instrumentation. This specialized instrumentation was provided to the Boeing Company for certification of avionics systems having commercial and military applications. 
LASER WELDING FOR ROCKET MOTORS
NAVSWC and a private company participated in a study to investigate a laser welding manufacturing procedure for steel rocket motor cases (RMCs). The principal test parameter was to hold the back wall temperature to less than 250'F (for potential live RMC applications). Laser parameters were developed and the technique was applied to steel RMC cylinders (mock-ups) and an all-up RMC simulator that was ablatively lined. Initial tests met the temperature requirement, but the organic ablative/adhesive appeared to contaminate the weld of the ablatively lined case. Additional analysis and testing is necessary to complete the investigation. SYSTEMS RESEARCH CENTER AT VPI&SU 1. In 1983, NAVSWC; the Naval Sea Systems Command (NAVSEA), Combat Systems Directorate (SEA-06); and VPI&SU established the Systems Research Center (SRC) at the university. The SRC is intended to augment the technology base of NAVSWC in serving the R&D needs of surface combat systems, recognizing that the benefits derived can extend to subsurface and air platforms as well. The SRC has also expanded the technology base for other U.S. Navy R&D activities serving the R&D needs of surface combat systems. The SRC, NAVSWC, and NAVSEA's (SEA-06) joint effort emphasizes computer science and computing technology, key elements in modern naval applications. The SRC was established to perform only research and development.
2. By the close of FY89, the SRC had received nearly $4.52 million to perform 41 separate tasks. In FY89, there were ten active tasks with the SRC. Of these, five began in FY88 and five in FY89. Of the ten projects, NAVSWC sponsored nine at a cost of over $764K.
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What Problem Does It Solve and How?
TIhe rnai.netoresistance magnetomieter is Inexpensive, small, and amenable to economical mass production techniques. It is useful for measuring magnetic fields between I and 10-5 oersted. It is useful for a compass, for traffic signals, and for detecting vehicles, guns, ships, etc.
Other Uses:
It has been used to detect stolen tools.
10.
Main Advantages:-It is inexpensive, costing about 7 cents per chip.
Prod ucti on I nf ormation:
TIhe inagnetores istance magnetomieter-is a menable to econom icalI mass pro I tic t ion 
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The detection of magnetic fields is a common function of many systems. Magnetometers of various types find their way into torpedoes, mines, buoys, intrusion detectors, vehicle detectors, and magnetic anomaly detectors to name a few systems. There are wide ranges in the field levels, dynamic ranges, and frequency of fields whith must be detected. System level requirements impose constraints such as the maximum power consumption, the physical ize, and the environmental conditions. With such a broad "market" for magnetic field sensors, virtually any device which has performance advantagei over others will find its technological niche.
The sensor element of the magnetoresistance magnetometer is physically very small and readily amenable to economical mass production techniques such as those used in the fabrication of integrated circuits. Indeed, it is easily conceivable that the necessary support electronics (amplifiers, for example) can be fabricated on the same substrate as the sensor, with an ensuing reduction in size and increase in reliability.
The magnetoresistance magnetometer consists of a small chip with four connections. The chip has a thin film of permalloy deposited on it which is etched to form a "wheatstone bridge." A small permanent magnet is also neede!d to bias the thin film. The permanent magnet aligns the magnetization of the film along a direction. The field to be measured is directed perpendicular to the field from the permanent magnet. Each arm of the wheatstone bridge is made up of a magnetoresistor which changes resistance when the magnetization rotates. Thus, a field directed perpendicular to the field applied by the permanent magnet and in the plane of the film changes the resistors so the bridge becomes unbalanced in proportion to the field being measured. The above access times were estimated at room temperature and they will become longer at higher temperatures.
The CRAM could be written with coincident current pulses as short as 20 nsec. Nondestructive reading was accomplished in 800 nsec and this can be improved considerably with better design.
There are several versions of the CRAM. In one version, permalloy film is etched into proper shapes so a crosstie-Block-line pair is used to store a "one," the absence of the crosstie-Block-line pair signifies a "zero." The resistance of the memory element differs depending on whether a crosstie-Block-line pair is present or not. This 
What Problem Does It Solve and How?
The ferroelectric RAM is a nonvolatile, radiation hardened memory. It can be turned off without the loss of data. It takes less ower than a DRAM, can have comparable density, and can be made radiation hardened. Its principal uses are for space and strategic applications. It may eventually become cheap enough for application in home computers.
Other Uses:
Robots, industrial applications, tactical aircraft, mines, sonobuoys, ships, subs, missiles, etc.
Main Advantages:
Low cost, fast read and write, nonvolatile, lightweight, low power, small volume. Recently, a considerable amount of well-deserved attention has been devoted to ferroelectric random access memories. The attention is appropriate because the ferroelectric RAM has more potential than any other nonvolatile RAM. Its success will revolutionize military systems and weapons. The ferroelectric RAM is a modification of the most successful memory ever, the Dynamic (DRAM).
Production Information
The memory element used in the ferroelectric RAM or FRAM uses a single transistor and a ferroelectric capacitor. The circuit is as shown:
Drive Line Bit Line
Ferroelectric Capacitor
Select Line
7
The circuit is the same as is used in a dynamic RAM except that a ferroelectric material is used in the capacitor and the top of the capacitor is active. By active it is meant that the top plate can be taken high or low. In other words, the drive line can go to + 5 volts or ground. The transistor in each cell allows the capacitor to be isolated from all other memory elements in the circuit.
The memory has been demonstrated by both Krysalis and Ramtron using P2T as the ferroelectric material.
Unfortunately, P2T fatigues and has retention problems. Other materials are being investigated such as lead germanate.
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